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Sea anemones are benthic organisms, of lowmobility and can be directly affected by water pollution. This
work studied the defense mechanisms and DNA damage caused by copper toxicity in cells from the
anemone Bunodosoma cangicum. For this, exposure of anemones cells were held, kept in primary culture
through explant of podal disk to copper (7.8 and 15.6 lg/L), and the control group, for 6 and 24 h. Cyto-
toxicity was seen through the viability and cell number, MXR phenotype through the accumulation of
rhodamine-B, ROS generation by H2DCF-DA and DNA damage by comet assay. The results obtained show
that there is a drop in viability and number of cells, especially after exposure of 24 h in 15.6 lg/L. There is
an induction of the MXR activity only at 7.8 lg/L for 24 h. As for ROS, there is an increase in the gener-
ation of reactive species in greatest concentration of copper for 6 h, and in both for 24 h, which leads to
oxidative stress, which culminates with a DNA damage. What was evidenced by the increase of the tail
size, % DNA presented and moment of tail. Therefore, the copper represents an adversity to the anemones
cells, being cytotoxic and genotoxic.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Sea anemones are solitary organisms, that feed on small prey
present in the plankton or absorb dissolved organic matter and of-
ten possess interactions with symbiotic photosynthetic organisms
(de Capitani, 2007). They are benthic osmoconformers, of low
mobility, occupying intertidal regions, shallow coastal reefs, and
rocky shores of continental regions to Oceanic Islands and atolls
(Melo and Amaral, 2005).
Bunodosoma cangicum Corrêa 1964 is a sea anemone commonly
found in the intertidal area of the Southeast regions of Brazil. They
tend to fasten onto the rocks or in sandy crevices, where they re-
main buried in the sand exposing only their oral disk (Melo and
Amaral, 2005).
Anemones are little used as biologicalmodels for contamination,
and for the most part, studies of anemones seek to examine the use
and properties of the toxins present in the nematocysts or describe
the symbiotic relationship of these animals with zooxanthellae
(Cline et al., 1995; Greenwood et al., 2003; Harland and Nganro,
1990; Honma et al., 2003; Kuo et al., 2010; Martínez et al., 2002;
Mitchelmore et al., 2003a,b; Wolenski et al., 2013). Consideringthe physiology of these organisms, knowledge is quite restricted,
work has been focused on the characterization of the neuromuscu-
lar junction; function and activation of nematocysts; and osmoreg-
ulatory processes involved in cell volume regulation, through
organic and inorganic osmolytes (Amado et al., 2011; Male and Sto-
rey, 1983; Malpezzi et al., 1993; Mendes, 1976; Oliveira et al.,
2004). However, it is important to understand how these organisms
react to exposure by pollutants, since they are animals of little
mobility that do not have the ability to escape adverse conditions.
Copper (Cu) is an essential nutrient required by all living organ-
isms, important in several physiological and biochemical pro-
cesses, however, it is considered potentially toxic to aquatic
organisms when in excess in the water (Engel and Brouwer,
1987; Martins et al., 2011; Moore, 1985; Rainer and Brouwer,
1993). It is a metal commonly found in marine ecosystems, origi-
nating from mining areas, sewage discharges, industrial efﬂuent
treatments, anti-fouling paints used on ships, reﬁneries, etc. (Bryan
and Hummerstone, 1971; D’Adamo et al., 2008; Guzmán and Jimé-
nez, 1992; Jones, 1997; Main et al., 2010; Mitchelmore et al.,
2003a; Niencheski et al., 2006).
This is a transition metal that can go from the oxidized copper
form (Cu2+) to reduced cuprous (Cu+), and may accept or donate
electrons. Due to this redox activity, copper is an essential cofactor
for many enzymatic pathways, including respiratory oxidation,
neurotransmitter synthesis, the metabolism of iron and pigmenta-
tion. This same redox activity can catalyze the Fenton reaction,
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Klomp, 2010).
When there is an imbalance between the number of reactive
oxygen species formed and the neutralization of these by antioxi-
dant defenses, changes in cellular signals and some type of dam-
age, it is said that the cell is under oxidative stress
(Bandyopadhyay et al., 1999; Berra et al., 2006; Lesser, 2012; Paital
and Chainy, 2012). In marine organisms there is evidence that the
toxicity of copper causes oxidative stress, an increase in antioxi-
dants and DNA damage (Lee et al., 2010).
In biological systems, the cell membrane, is one of the foci of
ROS activity. Cellular damage results basically from ROS attack
on macromolecules such as sugars, DNA, proteins and lipids (Berra
et al., 2006; Sandrini et al., 2009; Vasconcelos et al., 2007). One
way cells can avoid ROS generation and the resulting oxidative
stress would be through the extrusion of the contaminants.
In order to prevent cell damage caused by exogenous sub-
stances, known as xenobiotics, there is a superfamily of transmem-
brane proteins, denominated ABC ATP-binding cassette, ABC
transporters are highly conserved among vertebrates and inverte-
brates (Bard, 2000; Buss and Callaghan, 2008). Within this super-
family of proteins the P-glycoprotein (Pgp) is a potential
biomarker of cell defense, which generates the resistance pheno-
type against multiple xenobiotics (MXR) (Kurelec et al., 2000; San-
drine and Marc, 2007). The induction of MXR can increase
individual or populational resistance in polluted waters. Therefore,
assessments of the level of MXR induction in individuals might be
used as a biomarker of susceptibility in these organisms (Kurelec
et al., 2000). But this require caution, for a better understanding
of the biological responses to stressors, both cellular and genetic
responses should be integrated, and physiological responses
should be analyzed from an ecotoxicological perspective (Spurgeon
et al., 2005; Regoli et al., 2002).
An inhibition in the extrusion mechanism of contaminants may
lead to oxidative stress, and can then generate genetic damage,
which is often irreversible. In the relevant literature, one may ﬁnd
research involving copper, oxidative stress and DNA damage
(Schwarz et al., 2013); copper and MXR in coral (Venn et al.,
2009), lead and MXR in bivalves (Rocha and Souza, 2012); how-
ever, ﬁnding researches using metals in invertebrates, showing
oxidative stress, and MXR expression linked to DNA damage are
not common.
Studies using contaminants for identifying the toxic effects that
these substances may cause, can generate a considerable amount
of waste. Which may then be discarded into the environment. In
order to reduce the environmental impact that in vivo toxicological
experiments may bring, techniques using in vitro experiments have
been developed. As cytotoxicity can cause damage to the structure
and/or functionality of one or more cellular compounds, studies
using isolated cells may predict effects at the tissue organ and
organism level, without the need of using the individual (Evans
et al., 2001; Garle et al., 1994; Kienzler et al., 2012).
Since anemones are benthic animals of little mobility, it is
important to know more about the way they react to water pollu-
tion, aiming to obtain more data about their physiological re-
sponses to changes in the environment. In addition, there are no
data in the literature on cell culture of anemones as toxicological
models. Therefore, the objective of this work is to study the de-
fense capability and possible damage to DNA resulting from copper
toxicity in isolated cells of anemones B. cangicum.
A ﬁnal objective of our study was the development of a tissue
explants technique, speciﬁc for marine invertebrates, to produce
high quality cells for experiment. For more than a decade, isolated
nematocysts of sea-anemones have been used as a cellular model
to study the mechanisms of cell volume regulation in anisosmotic
situations (La Spada et al., 1999; Marino and La Spada, 2007;Marino et al., 2010). Employing cells from the pedal disk of anem-
ones, and obtained from the same cell dissociation technique,
Amado and Collaborators (2011) conducted experiments of volume
regulation in newly isolated cells, with a cell viability remaining
around 90%. During the period from 1988 to 1998, primary cul-
tures of marine invertebrates were performed basically in the phy-
la Porifera, Cnidaria, Crustacea, Mollusca, Echinodermata and
Urochordata, however, even within these phyla only some orders
were cultured, principally those of commercial interest (revision
of Rinkevich, 1999). It is interesting to note that in Rinkevich’s re-
view, the author highlights the way in which the cultures were ob-
tained, most commonly be cellular enzymatic dissociation
protocols, however this method is probably more aggressive for
cells as compared to our explants method and thus probably de-
creases cell viability.2. Materials and methods
2.1. Collection and maintenance of anemones
The sea anemones, B. cangicumCorrêa 1964,were collected in the
intertidal area (3209040.2500S; 5205051.9600) of Cassino Beach (Rio
Grande, RS, Brazil). The animals were collected manually and were
packed in boxes with seawater, and transported to the laboratory.
The animals were kept in glass aquariums, with 20 C temper-
ature, constant aeration, and photoperiod 12L: 12D, salinity 30‰.
The animals were fed each week with pieces of ﬁsh on the oral disk.
2.2. Primary culture of cells from B. cangicum
After preliminary testing, explants of pedal disk tissue frag-
ments were determined to be the best method for the primary cul-
ture of cells.
Anemones were placed in saline solution, compatible with the
animal ﬂuid at 30‰ (in mM: 399.7 NaCl, 8.8 KCl, 8.8 CaCl2, 45.9
MgSO4, 2.2 NaHCO3, pH 7.4, 800 mOsm Kg H2O1) added supple-
mented with 200 mMmagnesium chloride as an anaesthetic. After
30 min, pieces of tissue next to the pedal region were removed.
After removal of the tissue, the anemones were returned to the
aquarium to recover.
The tissue was placed in PBS (Phosphate Buffer Saline) solution
(in mM: 340 NaCl, 12 Na2HPO4, 2.2, KH2PO4, 16 KCl and 5 EDTA –
calcium free, pH 7.4, 800 mOsm Kg H2O1), added with H2O2
(30 ll for each 5 mL of PBS) and taken to the laminar ﬂow. The
material was then cut into small fragments (3 mm3) in a Petri
dish containing PBS with hydrogen peroxide and placed in a beaker
containing PBS without hydrogen peroxide and taken to an agita-
tor, with rotational movements using a shaker (80 rpm; Certom-
at-MO-II Sartorius Stedim Biotech gmbH, Göttingen), for 20 min
to loosen tissue cells more easily. After this time, tissue fragments
were selected and placed in microplates of 24 wells (for culture),
covered by 1 mL of culture medium M199 (Sigma–Aldrich, USA –
enriched with NaHCO3 41 mM, KCl 80 mM and NaCl 205 mM) for
adjustment of osmolality (800 mOsm Kg H2O1, in a way equiva-
lently to the celenteron ﬂuid) and 3% antibiotic/antimitotic (com-
pilation: penicillin-streptomycin-fungizona;Gibco, Invitrogen,
Carlsbad, CA, USA).
These plates were then incubated at ±20 C temperature. And
the samples were observed over 10 days, to evaluate the number
of cells (manually) and their viability.
2.3. Exposure of cells to copper
The cells were exposed to the metal on the third day of culture,
this was based on initial observations of cellular viability and
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posed for 6 and 24 h, to two concentrations of copper (added to
the saline solution in the form of copper chloride) 7.8 lg/L Cu
and 15.6 lg/L Cu (values referring to the CONAMA resolution No.
357/2005, brazilian legislation, to saline water type II, and its dou-
ble, respectively), and the saline solution (control – copper free).
Before exposure and just after exposure, cell viability was evalu-
ated through the exclusion test with trypan blue (0.08%), assess
the metal cytotoxicty. The experiments were conducted in inde-
pendent samples (n) for each experimental condition.
2.4. MXR phenotype induction analysis
The test of rhodamine-B accumulation was performed as de-
scribed by Kurelec and Collaborators (2000), modiﬁed for cell cul-
ture. Rhodamine is an ABC transporter substrate, so ﬂuorescent
accumulation was used as indicative of the activity of these pro-
teins. The cells had the culture medium removed and were incu-
bated in rhodamine-B (RB, Sigma–Aldrich, USA) 10 lM in saline
solution, using 2–3  105 cells mL1 cells for each sample. They
were incubated for one hour at room temperature. After exposure
the cells were washed 2 times in saline solution to remove the ex-
cess RB, then were placed in opaque microplates (250 ll per sam-
ple) and the ﬂuorescence was analyzed, with excitation and
emission of 485 and 590 nm, respectively (Victor 2, Perkin Elmer).
The results were expressed in concentration of rhodamine calcu-
lated from a standard curve of ﬂuorescence of rhodamine, and nor-
malized by the number of cells from each sample. For the standard
curve were used concentrations of 1; 0.1; 0.05; 0.02 and 0.01 lM of
rhodamine.
2.5. Reactive oxygen species analysis
The protocol followed was proposed by Viarengo and Collabora-
tors (1999), with modiﬁcations as those found in Sandrini and Col-
laborators (2009). The samples, each containing 3  105 cells mL1,
after incubation with the metal treatments were washed in PBS (as
above) and then incubated at room temperature in PBS + 20,70-
dichlorodihydroﬂuorescein diacetate (H2DCF-DA, Sigma–Aldrich,
USA) for 30 min. After this time the cells were washed again and
transferred as 160 ll samples to 96 well microplates. The ROS were
detected by ﬂuorescence, excitation of 485 nm and emission of
520 nm (Victor 2, Perkin Elmer), with a period of reading of 2 h,
carried out every 5 min. The results are presented as integrated
area under the ﬂuorescence curve, and normalized by cell number.
2.6. Comet assay
This test was performed according to the protocol described by
Mitchelmore and Collaborators (1998), with some modiﬁcations
that were performed by Mitchelmore and Hyatt (2004), which
adapted the method to anemones.
After experimental exposure, the cells were washed in saline
solution for removal of copper. In this assay, 80 ll of cell suspen-
sion (4–7  105 cells mL1) was dissolved in 60 ll of low melting
point agarose 1% and settled on a slide previously coated with nor-
mal melting point agarose 1.5%. This sample was covered with a
coverslip and allowed to cool for 10 min. After, the coverslip was
removed and the slides submerged in a solution of cell lysis buffer
(2.5 mol L1 NaCl, 100 mmol L1 EDTA, 10 mmol L1 Tris, 1% Triton
X-100, 10% DMSO, pH 10.0) at 4 C. After the lysis, the slides were
washed 3 times (5 min each) in saline solution and then placed in a
horizontal electrophoresis chamber to incubate in the denaturing
buffer (1.0 mmol L1 EDTA, 300 mmol L1 NaOH, pH 13.0) for
25 min. This buffer was at maintained at 4 C, placed on a tray with
ice, and protected from light. Electrophoresis was performed for25 min, at 1 V cm1, 300 mA (chamber, Permatron, Joinville, Brazil
and power supply Techware – Sigma Aldrich PS 252-1, EUA). After
which, the slides were neutralized, by rinsing 3 times (5 min each)
in (0.4 mM Tris, pH 7.5) and then ﬁxed using absolute ethanol. To
mark the genetic material we used the dye Sybr Safe DNA Gel
Stain. The two slides were imaged on a ﬂuorescence microscope
(Olympus BX50), at 400 magniﬁcation, to obtain the necessary
number of the cells for analysis. Further analysis, was performed
by the open source program (Image J), using the plugin (macro) Co-
met Assay. For each treatment (control, 7.8 lg/L Cu and 15.6 lg/L
Cu) 100 nuclei were used, analyzing the tail size, percentage of
DNA on the tail and the tail moment (size  percent).
General reagents were purchased from Sigma–Aldrich, USA.
2.7. Statistical analysis
From the results of the different evaluated parameters were cal-
culated mean and standard error (SE) followed by analysis of var-
iance (ANOVA) and Tukey post hoc test, where were considered
signiﬁcantly different values of p 6 0.05. When necessary a T test
was performed, considering signiﬁcant values of p 6 0.05.3. Results
For the establishment of primary cell culture of anemones,
through the explant of fragments of pedal disk, preliminary exper-
iments were performed for monitoring the cell number and viabil-
ity. The cultures were maintained and analyzed over 10 days,
generating the results below (the ﬁrst day correspond to culture
after 24 h).
As noted in Fig. 1A, the number of cells does not vary signiﬁ-
cantly at any time point, where number of cells remains around
2  105 cells mL1 since day 1 (ﬁrst day culture) until the 10th
day of culture (p > 0.05, n = 5–8). With regard to viability
(Fig. 1B), during the 10 days of maintenance it remained in the
range of 90%, without signiﬁcant variation throughout the period
(p > 0.05; n = 5–8).
With the data obtained from cell number, it was established
that experiments with copper exposure would be performed at
3 days of culture.
3.1. Analysis of cytotoxicity
The cytotoxicity of copper was analyzed by means of cell viabil-
ity, according to cell membrane integrity, which exhibited the re-
sults shown in Fig. 2A. During the experimental time of 6 h, we
observed a 15% drop in viability when cells were exposed to copper
15.6 lg/L (p < 0.05, n = 6). Considering cells exposed for 24 h, at a
copper concentration of 7.8 lg/L, there was a 27% drop in viability;
but at the copper concentration of 15.6 lg/L, it was possible to ob-
serve a 40% decrease in viability (p < 0.05, n = 6).
The cytotoxicity of copper was also observed through total cell
number. As can be seen in Fig. 2B, the number of cells remained
constant in those exposed for 6 h, both in copper concentrations
of 7.8 lg/L as well as 15.6 lg/L, however, after 24 h exposure there
was a signiﬁcant reduction of 36% (<0.05, n = 10–13) in those ex-
posed to copper 15.6 lg/L.
3.2. MXR phenotype induction analysis
In relation to the phenotype of multiple xenobiotic resistance
(MXR), the results obtained are shown in Fig. 3. Based on the stan-
dard curve used it was possible to observe that when the anemo-
nes cells were incubated with 10 lM of rhodamine B, for 30 min,
the ﬁnal concentrations were 6.16237 ± 1.627 and 4.18127 ±
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Fig. 1. Panel A show the average number of cells and panel B show viability (%) of cells of B. cangicum in primary culture from explant pedal disk (mean ± se).
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368 V.A. Anjos et al. / Toxicology in Vitro 28 (2014) 365–3720.8267 lM cells1 (mean ± standard deviation), for 6 and 24 h of
exposure, respectively. At 6 h of copper exposure it was not seen
any signiﬁcant difference between treatments in relation to the
control group (p < 0.05, n = 5). When exposed for 24 h, it was pos-
sible to observe an activation of the resistance mechanism (by
about 53%) compared to the control group in those cells exposed
to 7.8 lg/L (4.18127 e 1.96387 lM cells1, for control and
7.8 lg/L, respectively; p < 0.05). At the concentration of 15.6 lg/L
there was no signiﬁcant difference between the control group
and the lower copper concentration.Treatments (µg/L Cu)
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Fig. 4. Amount of ROS (mean area ± se) in the cells of B. cangicum exposed to
copper. Black bars correspond to 6 h of exposition while gray bars correspond to
24 h. Different lowercase letters represent statistic difference (p < 0.05) between
treatments in the exposure for 6 h, and different capital letters indicate differences
between treatments in the exposure for 24 h.3.3. Analysis of ROS
In the analysis of the reactive oxygen species generation by
exposure to copper (Fig. 4), we observed a signiﬁcant increase
of 11.5% in the generation of ROS in cells exposed for 6 h in the
highest concentration of copper 15.6 lg/L (p < 0.05). In cells that
were exposed for 24 h, the signiﬁcant increase in the amount of
reactive species can already be in concentration of 7.8 lg/L,
increasing to about 20% when exposed to 15.6 lg/L (p < 0.05,
n = 4–5).
Table 1
Mean time of tail moment of B. cangicum cells exposed to copper. Different lowercase
letters represent statistic difference (p < 0.05) between treatments in the exposure for
6 h, and different capital letters indicate differences between treatments in the
exposure for 24 h.
Tail moment (arbitrary units)
Treatment 6 h 24 h
Control 7.79 ± 0.16a 5.69 ± 0.27A
7.8 lg L1 20.66 ± 1.02b 18.13 ± 0.09B
15.6 lg L1 45.67 ± 2.23c –*
* In the concentration 15.6 lg/L it was not obtained sufﬁcient number of cells.
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The results generated by exposure to copper (analysis at the Im-
age J software with ‘‘Comet Assay’’ macro) evaluate the damage to
DNA on about 3 variables, tail size, percentage of DNA in this tail
and tail moment, which is the multiplication of previous variables.
Fig. 5(A and B) was generated, showing the size of the tail and the
percentage of DNA present, respectively. The tail moment is shown
in Table 1. The number of cells was not enough for analysis in
experiments in which cells were exposed for 24 h at a concentra-
tion of 15.6 lg/L Cu, so, the statistical analysis carried out on the
experimental test of 24 h was a student’s T test (between control
and 7.8 lg/L).
As for the size of the tail, we observed that there was a signiﬁ-
cant increase only in those cells exposed to 15.6 lg/L Cu for 6 h
(p < 0.05). Considering those cells exposed for 24 h, a signiﬁcant
difference was observed in cells exposed to 7.8 lg/L Cu compared
to control group (p < 0.05), where the cells exposed to the metal
showed a 50% increase in the size of the tail.
In relation to the percentage of DNA present in the tail, it was
possible to observe that for those cells exposed for 6 h, the percent-
age doubled and quadrupled at 7.8 and 15.6 lg/L Cu, respectively
(p < 0.05; n = 3–4). However, considering those that were exposed
for 24 h, at a concentration of 7.8 lg/L Cu, there was twice the per-
centage of DNA present in relation to the control group (p < 0.05;
n = 3–4).
Regarding the tail moment, the observed variations are the
same as those seen in relation to the percentage of DNA present
in the tail. There was an increase of more than 100% and 200%
for 7.8 and 15.6 lg/L Cu, respectively (p < 0.05; n = 3–4), in cells ex-
posed for 6 h. Cells exposed for 24 h exhibited a tail moment 3
times higher in a concentration of 7.8 lg/L Cu than the control
group (p < 0.05, n = 3–4).4. Discussion
From about the year 2000 until today, the main primary cul-
tures developed remain the same phyla, particularly mollusks
and crustaceans (Cao et al., 2004a,b; Cornet, 2006, 2007; Domart-
Coulon et al., 2000; Jose et al., 2011; Odintsov et al., 2011). As for
cnidarians, work with isolated cells from sea anemones have been
developed, but only throught dissociation protocols (Amado et al.,
2011; Greenwood et al., 2003; Nagai et al., 2002). Tissue explants
are common in sponge cultures (Caralt et al., 2003, 2007; Nickel
and Brümmer, 2003), followed by mollusks and crustaceans (Jose
et al., 2011; Nambi et al., 2012; Quinn et al., 2009; Dirty and Dhar-
maraj, 2005; Dirty et al., 2007). However, this is the ﬁrst reportedTreatments (µg/L Cu)
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6 h, and different capital letters indicate differences between treatments in the exposur
cells.use of anemones, this is the ﬁrst reported in the literature. The
technique developed in this work, of primary cell culture of anem-
ones through pedal disk tissue explants, is a pioneer. It is observed
that the results show a high viability, a hof more than week, so this
can be a simple, quick and safe methodology to be established as a
model for in vitro analyses.
We have shown seen that copper presents cytotoxicity in anem-
ones cells, showing a signiﬁcant reduction in viability as well as
cell numbers. Decrease in cell viability (measured through the Try-
pan blue exclusion method) was also found by Manzl and Collabo-
rators (2004), when they exposed cells isolated from the gastropod
Helix pomatia to copper and cadmium concentrations of 100 and
500 lM for 1 and 2 h. They assigned the toxicity of metals to an
overload in the extrusion capacity of detoxifying proteins, such
as metallothionein.
Our analysis of copper cytotoxicity was performed through Try-
pan blue exclusion, which evaluates the integrity of the cell mem-
brane. As copper is a transition metal that increases the amount of
reactive oxygen species and that these may affect the integrity of
the cell membrane (Berra et al., 2006; Vasconcelos et al., 2007), this
could provide a mechanism to explain this metal’s cytotoxicity.
The ﬁndings here with ROS support this hypothesis (results dis-
cussed below).
Shaligram and Campbell (2013) exposed 3 human cell lines to
copper chloride and copper sulfate for 24 h and saw that at a con-
centration of 5 lM copper there was an increase in cell number
and viability. However, when the copper concentration increased
(50 and 500 lM) there was a reduction in both parameters. This in-
crease in numbers and viability seen at the lower concentration,
was explained by the fact that copper is an essential metal, and
from the concentration of 50 lM and upward the metal began to
become cytotoxic. However, by the results obtained here in this
work, the concentration of copper, which is much lower than those
used in the works above (for example, 500 lM copper chloride isTreatments (µg/L Cu)
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conﬁrming that this cell type is sensitive to copper.
In the multiple xenobiotics resistance phenotype, Venn and Col-
laborators (2009) saw an increase in gene expression of Pgp in cor-
als that were exposed to different contaminants. Among the tested
substances was copper, which generated an increase of almost 5
times in the protein expression of Pgp when exposed to 30 lg/L
of the metal for 8 h. In isolated cells from gills of the bivalve Corbic-
ula ﬂuminea exposed to lead (1, 10 and 100 lM for 5 h), an increase
in the amount of Pgp protein in these cells in concentrations of 10
and 100 lM, however, no signiﬁcant difference was found in the
MXR activity (Rocha and Souza, 2012). To evaluate the activity of
Pgp protein, it is important to know the effective capacity of extru-
sion of the contaminants, however, if this appears unchanged, it
does not necessarily mean that the mechanism as a whole is not
being affected. The contaminant may not be inhibiting the activity,
but might be changing the amount of protein allocated to the cell
membrane, this result was observed in the cells of the bivalve.
Unfortunately some contaminants behave as chemosensitizers of
the MXR phenotype, compromising the defense ability (Kurelec
et al., 2000). Some substances, including metals, have the ability
in low concentrations, to stimulate defense systems and in higher
concentrations to inhibit them. This biphasic response, of a dose-
time characteristic, is known as hormesis (Calabrese, 2008; Steb-
bing, 1981). This mechanism may explain the results found in
our work in anemone cells exposed to copper, because in copper
concentration of 7.8 lg/L exposed for 24 h, there was an increase
in the activity of MXR, and in the concentration of 15.6 lg/L,
although the difference has not been shown to be statistically sig-
niﬁcant, there is a tendency toward inhibition. However, we stress
that hormesis as an explanation of our results, remains only inter-
esting conjecture at this time, given the paucity of data. In 6 h
exposure to metal we did not observe activation nor inhibition of
this mechanism, which does not mean that the cells are not being
stressed (reactive oxygen species and DNA damage increases).
Achard and Collaborators (2004) found that by exposing the gills
of the clam Corbicula ﬂuminea to cadmium (15–60 lg/L), they ob-
served a higher induction of MXR as evidenced by less bioaccumu-
lation. Copper also elicits hormesis in hydrozoans, where low
metal concentrations (10 lg/L) stimulated the growth of colonies
of these animals (Stebbing, 2002), and the same pattern had al-
ready been seen by Stebbing (1981) at concentrations of 5 and
10 lg/L of copper. At higher concentrations (more of 10 lg/L) the
counteractive capacity is exceeded and inhibition of growth is ob-
served. This type of behavior may be an adaptive response of the
organism, which acts as a conditioning stimulus in order to protect
against the damage of a life-threatening exposure later (precondi-
tioning hormesis) or to increase the protection/repair following a
life-threatening exposure (post hormesis) (Calabrese, 2008; Steb-
bing, 1981).
Considerable work has been undertaken to study metals and
oxidative stress. Studies that measured antioxidant enzymes re-
vealed that the metals, especially copper, cause an increase of
these defenses, in particular affecting superoxide dismutase and
catalase enzymes, suggesting that this metal causes oxidative
stress in organisms leading to a defense response (Liu et al.,
2006; Main et al., 2010; Semedo et al., 2012). It is worth noting that
in the work of Main and collaborators (2010) the animal studied
was the Aiptasia pallid anemone, exposed to different concentra-
tions of copper (0–50 lg/L) for 7 days, their ﬁndings were that
the activity of antioxidant enzymes increased from the concentra-
tion of 15 lg/L within 24 h, suggesting that this metal causes an
oxidative stress in these animals. These results corroborate with
what we have observed in cells of B. cangicum, where an increase
in the copper concentrations and exposure time increases the
amount of oxygen species produced, i.e. this metal, even withinconcentrations allowed by Brazilian law, interferes with their re-
dox balance. Bopp and Collaborators (2008) used rainbow trout gill
cells, exposing them to copper concentration (2 ± 1 lg/L) at pH 6
and 7, and saw a very signiﬁcant increase (25–35 times) in the for-
mation of reactive oxygen species. The technique they used to as-
sess the generation of ROS was the same as used in this work,
showing that the amount of ROS through H2DCF-DA is increased
when cells are exposed to copper.
The occurrence of xenobiotic contaminants, such as metal ions,
in the marine environment is highly harmful to the biological
integrity as well as the function of marine organisms. Many of
these pollutants are chemicals capable of causing damage to
DNA, usually through oxidative stress. Benzo[a]pyrene, for exam-
ple, increases the amount of ROS which leads to formation, directly
or indirectly, of DNA adducts, resulting in genetic chain breaks
(Mitchelmore and Hyatt, 2004; Sarkar et al., 2008). Bopp and Col-
laborators (2008), in addition to investigating the formation of
reactive oxygen species in gill cells exposed to copper, also per-
formed comet assays, to analyze DNA integrity in cells. The results
obtained show an increase in DNA molecule damage of 3–5 times
higher as compared to the controls in those cells at pH 7, corrobo-
rating what was seen in this work, where the exhibition of the cells
of the anemone to copper increases the fragmentation of DNA,
identiﬁed by size and percentage of DNA in the tails of our comet
analysis. Our results agree with the premise that in both copper
concentrations, and almost all experimental times, generation of
ROS’s are assential factors for the DNA damage, with the reactive
oxygen species performing a crucial role in the process of DNA deg-
radation, causing direct damage through oxidation of DNA mole-
cule, or indirect, causing damage to lipids and proteins,
subsequently leading to genotoxic damage (Almeida et al., 2007;
Bopp et al., 2008; Itziou et al., 2011; Mitchelmore and Chipman,
1998; Sandrini et al., 2009; Schwarz et al., 2013). In this paper
we chose to highlight primarily the size of tail and the percentage
of DNA present our reasoning being that highlighting these sepa-
rate results (rather than using the tail moment) would better show
the type of damage caused. In the work of Mitchelmore and Chip-
man (1998), the authors comment that simple breaks in DNA chain
would be best highlighted by the percentage of DNA presented in
the tail. And, generally, damage caused by oxidative stress directly
over the DNA molecule, generates breaks in this structure. How-
ever, many studies show readers the results in the form of tail mo-
ment (Bopp et al., 2008; Valverde and Rojas, 2009). Schwarz and
Collaborators (2013), exposed coral cells to copper (0–50 lg/L)
and performed comet assay, noting an increase in the percentage
of DNA present in tail of almost 40% in those cells exposed to
30 lg/L. Mitchelmore and Hyatt (2004), used coral cells, exposing
them to benzo[a]pyrene, hydrogen peroxide and ethylmethane
sulfonate (EMS – mutagen) for 1 h, demonstrating a DNA damage
in the 3 levels analyzed in the Comet assay, speciﬁcally tail size,
percentage of DNA and the moment of tail.
As well as on the work of Schwarz and Collaborators (2013) it
was seen that there is an increase in DNA damage in cells exposed
to copper, with a clear increase in the percentage of genetic mate-
rial in the tail. This work conﬁrms the results seen in our experi-
ments, namely, that copper has the potential to cause DNA
damage, especially in relation to dispersion of the genetic material
(larger DNA% than tail size, itself), which seems to show simple
breaks in DNA chains. It is noteworthy that the percentage of
DNA present in the tail seems to be, among the parameters ana-
lyzed at Comet assay, the most sensitive, as it was the analysis that
managed to show damage in 6 h of exposure, even in the copper
concentration 7.8 lg/L.
By the results obtained in this work, it is clear that copper, even
at low concentrations and even within the limit allowed by
Brazilian law, causes stress in anemone cells. This metal exhibits
V.A. Anjos et al. / Toxicology in Vitro 28 (2014) 365–372 371cytotoxicity, leading cells to activate cellular defense mechanisms
to some extent (in lower concentration). This defense is not sufﬁ-
ciently effective to prevent an increase of reactive oxygen species
and genetic damage, however, when it is not activated, (in the
highest concentration) the cytotoxic and oxidative genetic damage,
are even greater. As this biological model is little studied, there is a
lack of data for comparison and further studies on the physiology
of these animals are needed. There is also the need for these same
experiments to be repeated in vivo for a conﬁrmation of the re-
sponse of these animals facing the pollutant, so that it can be
established that the in vitro model is trustworthy as the preroga-
tive of the physiological responses of B. cangicum anemones.
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